TRANSITION METAL OXIDE - ALUMINOSILICATE 
PURIFICATION MEDIA 

This application is a continuation-in-part of U.S. Serial No. 10/445,410, filed 
May 27, 2003, which is a continuation-in-part of U.S. Serial No. 09/854,010, filed 
May 11, 2001, which is a continuation-in-part of U.S. Serial No. 09/805,758, filed 
March 13, 2001, a continuation-in-part of U.S. Serial No. 09/772,542, filed January 
30, 2001, and a continuation-in-part of U.S. Serial No. 09/560,824, filed April 28, 
2000, which is a continuation-in-part of U.S. Serial No. 08/819,999, filed March 18, 
1997, now U.S. Patent No. 6,241,893, the entire contents of each of which are 
incorporated herein by reference. 

This application is also a continuation-in-part of U.S. Serial No. 10/304,898, 
filed November 26, 2002, the entire contents of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The invention relates to a porous media for filtering and purifying fluids, 
containing a combination of transition nano-metal oxide and aluminosilicate. The 
combination of these materials removes organic compounds from the fluid, destroys 
bacteria, algae and virii, and purifies the fluid in the presence or absence of UV or 
visible light. 

2. Description of Related Art 

Fluids such as air and water are frequently contaminated by organic 
compounds and microorganisms, and such contaminated fluids occur widely 
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throughout the world. Such contamination is not limited to undeveloped countries, 
but can occur and be particularly problematic in drinking water supplies and 
recirculated air of buildings, airplanes, etc., in developed countries as well. 
Thousands of water treatment and sewage treatment facilities in the U.S. cannot 
afford to improve their primary treatment facilities, much less afford to construct 
secondary treatment facilities. Methods and materials for removing organic 
contaminants from water that are fast, easy to use, and easily retrofitted to existing 
systems would be a great benefit for all of these applications. 

In addition to large scale fluid purification, there is a significant consumer 
market in developed countries for air and water filtration and purification devices and 
materials. Residential and commercial sales of water and air purification devices and 
media are substantial; consumers use them to attempt to remove organics and 
microorganisms which municipal water purification processes leave behind, and to 
remove VOC, pathogens and allergens from the air. Microorganisms, such as 
bacteria and virii, are very difficult to remove from fluids using the relatively small 
filters available for home or small scale commercial use. 

Different techniques have been used over time to attempt to eliminate these 
impurities. For example, activated carbon or charcoal has been used for many years 
to remove volatile organic compounds (VOC) from water and air. However, the 
process of removal is by adsorption of the organic material onto active sites on or in 
pores of the carbon, resulting in eventual saturation of the carbon with adsorbed 
species. Eventually, the carbon will have to be replaced with fresh material, which 
can be time consuming and expensive. In addition, the total capacity and volumetric 
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flow rate of fluid that activated carbon can purify can be quite limited. Flow rate, in 
particular, can be limited by the necessity to keep the fluid and the carbon in contact 
for a sufficient residence time for the adsorption to occur. 

Synthetic alumino silicates useful in water-purification have been disclosed. 
For example, in U.S. Patent No. 5,612,522, the entire contents of which are 
incorporated herein by reference, a method is disclosed for producing a synthetic 
aluminosilicate that has pore sizes ranging from about 60 A to about 250 A by 
forming a sodium aluminosilicate gel in the presence of ultraviolet radiation. This 
material is disclosed in the patent as effective in removing dissolved oxygen from 
water, as well as effective in removing other contaminants, such as dissolved gases. 
The patent does not specifically disclose removal of organic contaminants or 
microorganisms from the water. 

Metal oxides, and in particular, fumed metal oxides, have been found to be 
effective water purification materials when included or immobilized in a binder 
matrix, as disclosed in U.S. Serial No. 10/445,410, filed May 27, 2003, and in U.S. 
Serial No. 09/854,010, filed May 11, 2001, the entire contents of each of which are 
incorporated herein by reference. Unbound fumed metal oxides have been found to 
be useful in reducing mineral scale formation and microorganisms levels in water, as 
disclosed in U.S. Serial No. 10/304,898, filed November 26, 2002, the entire contents 
of which are incorporated herein by reference. 

The use of titanium dioxide and "zeolites" as "photocatalysts" for the 
decomposition of phenol is disclosed in "Aqueous Solar Photocatalysis," 
http://www.saskschools.ca/~pvsd/vsfprojects/solanvaterpure/solaiwaterpu 
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.home.net/rod.3/main.html. The author states that phenol is adsorbed by the zeolite, 
and can then be decomposed by UV radiation, in effect regenerating the zeolite. The 
author is silent with respect to what zeolite is used, except to state that the pores of the 
zeolite do not exceed 0.5 to 0.6 |im, and that the zeolite has a surface area of 3 1 5 
m 2 /g. The author states that the photocatalyst used in his experiments contained this 
zeolite with about 10% of its surface covered with titanium dioxide. The author 
speculates that it is the excitation of the titanium dioxide by UV light that causes 
decomposition of material adsorbed on the zeolite surface. 

However, despite these materials and methods for water purification, there 
remains a need in the art for materials effective in removing organic contaminants and 
microorganisms from consumable fluids, such as water and air. 

SUMMARY OF THE INVENTION 

The invention, in its various embodiments, relates to a medium for purifying 
fluids, particularly consumable fluids like air and water, by removing organic 
materials from the fluids by contacting the fluids with a combination of extremely 
small diameter transition metal oxide, metal hydroxide, or combination thereof, and 
an aluminosilicate having relatively large pores. In addition, contact of the fluids 
with the purification medium can also significantly reduce the level of 
microorganisms existing in the fluid, providing another purification benefit. The 
composition of the invention operates at ambient temperatures, and does not require 
any special heating or cooling to reduce concentrations of contaminants in fluids. 
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The transition metal oxide is desirably in the form a nanoparticulate or 
"fumed" metal oxide; the aluminosilicate desirably has a pore size ranging from about 
100 to about 300 A, more particularly from about 200 to about 300 A. 

The purification medium of the invention can be used in a variety of light 
conditions, including sunlight, UV radiation, fluorescent, infrared and incandescent 
light, etc., and can function in darkness. While activity of the medium decreases as it 
is used, its service life can be extended by exposure of the medium to light after it has 
been used to remove organic materials from fluids. 

The purification medium of the invention provides rapid removal of organic 
contaminants and microorganisms from fluids, and functions in the absence of 
appreciable light or UV radiation. The purification medium does not require agitation 
or stirring to function. 

BRIEF DESCRIPTION OF DRAWINGS 
FIG. 1 is a photomicrograph of one embodiment of the composition of the 

invention, showing a 100 (im scale. 

FIG. 2 is a photomicrograph of another embodiment of the composition of the 

invention, also showing a 100 (im scale. 

FIG. 3 is a photomicrograph of a comparative composition also showing a 100 

(im scale. 

FIG. 4 is a photomicrograph of the embodiment of the composition of the 
invention shown in FIG. 1, showing a 20 |im scale. 
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FIG. 5 is a photomicrograph of yet another embodiment of the composition of 
the invention showing a 20 (im scale. 

FIG. 6 is a photomicrograph of a comparative composition showing a 20 |im 

scale. 

FIG. 7 is a photomicrograph of the embodiment of the composition of the 
invention shown in FIG. 2, showing a 20 |im scale. 

FIG. 8 is a photomicrograph of yet another embodiment of the composition of 
the invention showing a 20 |im scale. 

FIG. 9 is a photomicrograph of the embodiment of the composition of the 
invention shown in FIG. 1 , also showing a 20 |im scale. 

FIG. 10 is a photomicrograph of a comparative composition shown in FIG. 3, 
also showing a 20 |im scale. 

FIG. 1 1 is a photomicrograph of the embodiment of the composition of the 
invention shown in FIG. 8, showing a 4 jam scale. 

FIG. 12 is a photomicrograph of the embodiment of the composition of the 
invention shown in FIG. 5, also showing a 4 |nm scale. 

FIG. 13 is a photomicrograph of a comparative composition shown in FIG. 3, 
also showing a 4 jam scale. 

FIG. 14 is a photomicrograph of the embodiment of the composition of the 
invention shown in FIG. 1, showing a 2 jam scale. 

FIG. 15 is a photomicrograph of a comparative composition shown in FIG. 3, 
also showing a 2 |im scale. 
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FIG. 16 is a photomicrograph of the embodiment of the composition of the 
invention shown in FIG. 8 also showing a 2 (im scale. 

FIG. 17 is a photomicrograph of the embodiment of the composition of the 
invention shown in FIG. 2, also showing a 2 |im scale. 

FIG. 18 is a photomicrograph of a comparative composition, also showing a 2 
|im scale. 

FIG. 19 is a photomicrograph of the embodiment of the composition of the 
invention shown in FIG. 1, showing a 400 nm scale. 

FIG. 20 is a photomicrograph of the embodiment of the composition of the 
invention shown in FIG. 8, also showing a 400 nm scale. 

FIG. 21 is a graph showing results of energy dispersive x-ray analysis of the 
embodiment of the invention shown in FIG. 1 . 

FIG. 22 is a graph showing results of energy dispersive x-ray analysis of the 
embodiment of the invention shown in FIG. 5. 

FIG. 23 is a graph showing results of energy dispersive x-ray analysis of the 
embodiment of the invention shown in FIG. 8. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

As described above, a specific embodiment of the invention relates to 
purification compositions containing nanoparticulate titanium dioxide and a synthetic 
aluminosilicate composition having pores in the size range of about 200 to about 300 
angstroms. 
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The aluminosilicate can be produced by a method analogous to that described 
in U.S. Patent No. 5,612,522, namely, by the formation of an aluminosilicate gel from 
slurried aluminum hydrate and alkali metal silicate in the presence of aqueous sodium 
hydroxide (e.g., by mixing with about 1 1% to about 14% of 50% concentration) in the 
presence of UV radiation (having a wavelength ranging from about 2000 to about 
3900 angstroms). However, in addition to these components, it has been found that 
the addition of about 2% to about 8% by weight of nano titanium dioxide having an 
average particle size in the range of about 1 to about 50 |im to the slurry results in a 
material that extremely effective at removing organic materials from water. 

Desirably, the titanium dioxide is added to the slurry prior to or during 
irradiation. This helps to bind the nanoparticulates to the resulting aluminosilicate 
more strongly. Curing time (time of exposure to UV radiation) will depend somewhat 
on the frequency and intensity of the UV source used, however generally ranges from 
about 5 days to about 14 days. Longer exposure times tend to increase the pore size 
for a given UV source and composition. Suitable nanoparticulate materials are those 
obtained as fumed metal oxides or hydroxides, having average diameters ranging 
from about 20 to about 100 |im. These particles are described in U.S. Serial No. 
09/854,010, filed May 11, 2001, and in U.S. Serial No. 10/304,898, filed November 
26, 2002, the entire contents of each of which is incorporated herein by reference. 

The resulting composition, which can contain from about 2% to about 8% by 
weight titanium dioxide and/or titanium hydroxide, and from about 90% to about 98% 
aluminosilicate, can then be washed, dried, and screened to the desired particle size 
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distribution, which can have an average particle size ranging from about 1 to about 5 
mm granules, or from about 1 to about 500 |im powder. It can be used as a granulate, 
a powder, or can be impregnated into a porous block using polymeric binder resins. It 
can be combined with other purification materials, such as activated carbon, zeolites, 
etc., thereby reducing the amounts of these materials necessary to achieve a desired 
level of decontamination or purification. 

The composition of the invention can easily achieve a desirable average pore 
size of around 250 angstroms and a specific surface area of between about 200 and 
about 400 m 2 /g, providing extremely high absorptive capacity and fast kinetics 

The composition of the invention can be used to remove organic materials 
from fluids, such as water and air, by simply placing the fluids in contact with the 
material for several minutes to several hours, depending on the temperature of the 
liquid during treatment and the amount of light present. Increasing the time of 
exposure increases the pore size of the material. 

In addition to removing organic materials from fluids, the composition of the 
invention can also remove microorganisms from water. 

The composition and method of the invention can be used to process and 
purify fluids in a continuous manner, e.g., as part of a filter element disposed in 
piping through which the fluid is caused to flow. Alternatively, the composition and 
method of the invention can be used to purify fluid in a batch or semibatch manner, 
such as by dispersing the composition in a body of fluid and later removing it by 
filtration, or by disposing the particle in a porous container, such as a basket or 
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strainer, which can float or drift in the body of fluid, and is sufficiently porous to 
allow fluid to flow into and out of the container, but which effectively prevents most 
of the purification media from leaving the container. 

As a result, the composition and method of the invention can be used to purify 
municipal drinking water by consumers, can be used by municipalities to purify their 
water supplies and to treat sewage, and can be used industrially to remove scum and 
microorganisms from cooling water, reduce organic effluents in waste water. 

In addition, the composition of the invention can be used to purify water in 
swimming pools, spas, and the like. It has been found that the material of the 
invention, when suspended in a body of water, creates a zone around the material that 
extends through the water where microorganisms are killed or destroyed. Whether 
the mechanism for the creation of this zone involves simply diffusion/convection, or 
whether some flow of charged species is involved is not completely understood. 

In addition to purifying water of organic materials and microorganisms, the 
material of the invention can also be used to purify air, e.g., by removing ethylene gas 
from storage rooms and refrigerators used to store cut flowers, produce and 
vegetables, and the like. Other gas purification uses include removing water or sulfur 
from natural gas, purifying polymeric and chemical processing feedstock and product 
streams, air filters in automobiles or other internal combustion engines, and the like. 
The invention media also reduces VOC from air very efficiently. The addition of UV 
light, halogen light or infrared light may improve its performance. 

EXAMPLE 1- Preparation of Composition 
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Eight pounds alumina hydrate was added to approximately 1 gallon sodium 
hydroxide, 50% solution. It was cooked 0.5 hour at 120 - 300°F, average 150° until 
the alumina hydrate was dissolved. The slurry was mixed with sodium silicate 
containing 4% titanium dioxide having an average particle size of 20- 100 |im. The 
volume of sodium silicate mixed was 5 .75 gallons, then mixed for 60 seconds at 600 
rpm, and put on a curing bed and exposed to UV light for 5 to 7 days. The resulting 
material was placed in a ceramic tray and heated to 500°C for 7 hours. 

Sample particles of the resulting composition were imaged using scanning 
electron microscopy (SEM) to illustrate surface topography of the material. 
Photomicrographs of this material are provided in FIG. 1, 4, 9, 14, and 19. 

Energy dispersive x-ray spectroscopy (EDX) was performed on this material, 
and the results presented in FIG. 21 . The absence of a strong peak for titanium, 
together with the absence of titanium particles readily observable by backscattered 
electron imaging (BSE) indicated that the titanium oxides are atomically distributed 
or are present in the form of particles less than about 0.1 (im in diameter. 
EXAMPLE 2 - Preparation of Composition 

The process described above in Example 1 was followed, except that the 
material was not heated to 500 °C. 

Sample particles of the resulting composition were imaged using SEM to 
illustrate surface topography of the material. Photomicrographs of this material are 
provided in FIG. 2, 5, 7, 8, 1 1, 12, 16, 17,and 20. 
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EDX was performed on samples of this material, and the results presented in 
FIG. 22 and FIG. 23. Conclusions similar to those described in Example 1 can be 
drawn with respect to the material of Example 2. 
COMPARATIVE EXAMPLE 1 - Preparation of Comparative Material 

The procedure described above in Example 1 was carried out, except that no 
titanium dioxide nanoparticles were added to the material. 

Sample particles of the resulting composition were imaged using SEM to 
illustrate surface topography of the material. Photomicrographs of this material are 
provided in FIG. 3, 6, 10, 13, 15, and 18. The material was placed in an aqueous 
solution of about 1000 ppm Aldrich Crystal Violet 548-62-9 dye, in light, but did not 
result in any appreciable reduction in dye concentration. 

The material of the invention can be used as obtained from its production 
process, or can be modified by grinding to any desired particle size distribution. 
Additionally, heating of the material to a temperature above about 500 °C (as 
described in Example 1) for several hours can increase its activity, resulting in faster 
removal of organic material. In general, good results have been obtained by limiting 
the temperature of exposure from 350 - 600 °C. 
EXAMPLE 3 - Organic Material Reduction 

2.5 g of the material of Example 1 was added to a beaker, and 100 ml 
deionized water was added to the material. 0.8 ml of violet dye Aldrich Crystal 
Violet, 548-62-9, which corresponds to about 800 ppm of organic impurity, was 
added to the water, and left in fluorescent light at room temperature. After 0.1 hours, 
no purple dye was visible in the water. 
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EXAMPLE 4 - Organic Material Reduction 

2.5 g of the material of Example 2 was added to a beaker, and 100 ml Atlanta 
city water with the material. 1 .5 ml of violet dye Aldrich Crystal Violet, 548-62-9, 
which corresponds to about 1500 ppm of organic impurity was added to the water, 
and left in sunlight at room temperature. After 1 hour, no purple dye was visible in 
the water. 

EXAMPLE 5 - Organic Material Reduction 

lg of the material of Example 1 was added to a beaker, and 100 ml deionized 
water was mixed with the material, which was allowed a few minutes to settle. 1 ml 
of violet dye Aldrich Crystal Violet, 548-62-9, which corresponds to about 1000 ppm 
of organic impurity was added to the water, stirred, and left in a darkened room at 
room temperature. After 24 hours, purple dye was still visible in the water. 
Approximate reduction was 90%. 
EXAMPLE 6 - Organic Material Reduction 

100 g of the material of Example 1 was added to a beaker, and 1000 ml 
municipal water and was allowed a few minutes to settle. 2 ml of violet dye Aldrich 
Crystal Violet, 548-62-9, at 2% concentration, which corresponds to about 2,000 ppm 
of organic impurity was added to the water, and left approximately 60 in. from a IV 
UV light at room temperature. After 1 hour, no purple dye was visible in the water. 
EXAMPLE 7 - Microbicidal Activity 

10 g of the material of Example 1 was added to a beaker, and 500 ml 
deionized water was mixed with the material, which was allowed a few minutes to 
settle. 65,000 CFU of E. coli were added to the water, stirred, and left in sunlight. 
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After 1 hour, E. coli content was assessed and found to have undergone a 99.9999% 
reduction. 

COMPARATIVE EXAMPLE 2 - Organic Material Reduction Testing 

96 g of PQ zeolite Y was mixed with 10 g titanium dioxide 1 to 50 micron, 
and was bonded with water glass through a spray dry process, in a 500 mL beaker, 
and added 1 ,000 ppm violet dye, and exposed to UV light. After 24 hours, no sign of 
violet dye reduction. After 48 hours, a slight reduction occurred. After 7 days, there 
was 60% reduction, and after 14 days, 90% reduction. 
COMPARATIVE EXAMPLE 3 - Organic Material Reduction Testing 

Engelhard ATS titanium silicate, 20 to 40 microns, 5 g, was added to 1,000 cc 
deionized water with 1 ,000 ppm violet dye and exposed to UV light. At 6 hours, 
reduction of the violet dye was less than 20%. At 48 hours, about 40% reduction was 
observed; after 7 days, about 90% reduction was observed. The experiment was 
repeated, but no reduction at all was found, indicating that the Engelhard ATS 
absorbed the dye, but did not decompose the dye in the zeolite. 
EXAMPLE 8 - Algae Reduction 

150 g of the composition of Example 1 was put in a porous basket 10" in 
diameter and 2" thick, and floated in a spa of approximately 300 gallons with and 
average 25,000 ct to 150,000 ct algae spores. When exposed to sun, there was 50% 
reduction of the algae in the water within the first 48 hours. Within 72 hours, no 
algae was detected in the spa. Turbidity of the spa water went down from 7 NTU to 
0.2 NTU in less than 48 hours. 
EXAMPLE 9 - Algae Reduction 
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5 g of the material produced in Example 1 were added to 1000 cc water 
containing 800,000 cells/mL of an algae and exposed to sunlight for 24 hours. The 
algae was completely destroyed by the end of this time period. 
COMPARATIVE EXAMPLE 4 

A composition was made with 50% titanium dioxide and 50% titanium 
hydroxide 1 to 50 micron, obtained as pigment commonly used in the paint industry. 
The titanium was added to sodium silicate, aluminum hydrate, and sodium hydroxide 
as described in Example 1, and exposed to UV light, also as described in Example 1. 
The curing of the aluminosilicate was very poor and crystal formations were unable to 
grow in the presence of the titanium dioxide. The final product was like a brick, non- 
porous, and very hard. 10 g of the material was placed in 100 ml of water and 1,000 
ppm violet dye added. After 48 hours no reduction of organic material was observed, 
with or without UV light. This example illustrates the importance of using 
nanoparticulate titanium dioxide or hydroxide. 
EXAMPLE 10 - Chloroform Reduction 

1,000 gallons of municipal water was injected with 13,600 ppb chloroform and 
was placed in a plastic tank without circulation and with an open top exposed to the 
sun. 1 lb. of the composition of Example 1 was enclosed in a 4" diameter plastic 
screen floating in the water about 10" from the water surface. Chloroform reduction 
after the first 24 hours was approximately 75%; after 48 hours it was approximately 
99%. 

EXAMPLE 11 
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500 gallons municipal water was contaminated with approximately 260 ppb 
chloroform and placed in an open top plastic tank. 200 g of the composition of 
Example 1 were placed near the bottom of the tank, approximately 2' below the 
surface of the water, in a 1" thick and 8" diameter plastic basket having a screen size 
of approximately 50 mesh. The plastic basket was secured to the bottom of the tank. 
The water was exposed to UV light, and chloroform reduction for the first 8 hours 
was 40%; after 24 hours, 92%; and after 72 hours, the chloroform was non-detectable. 
EXAMPLE 12 

500 gallons municipal water was contaminated with approximately 400 ppm 
phenol, and placed into the experimental set up described in Example 11. 10 lbs of 
the composition of Example 1 was introduced in the basket. After exposure to the sun 
for 2 days there was 90% reduction of phenol, and after 3 days, phenol was non- 
detectable. 

These experiments provide evidence that the nanotitanium aluminosilicate of 
the invention, particularly when exposed to UV radiation, decomposes phenol very 
effectively. 
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